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ABSTRACT 
Education has been shown to affect neurocognitive test scores generally and memory in 
particular for normal subjects, and verbal ability is associated with performance on verbal 
neuropsychological tests. Results of studies investigating education effects for the first 
version of the California Verbal Learning Test were equivocal, and full-scale IQ and 
verbal IQ effects were found for some test scores. This study examined the effects of 
education and general verbal ability for scores on the second version of the test for 60 
subjects divided into Low Education and High Education groups. Using t-tests, education 
effects were found to be significant only for Short Delay Free Recall. Significant 
differences were not found when subjects were divided into Average Vocabulary and 
High Vocabulary groups. However, bivariate correlations revealed significant 
relationships between vocabulary scores and 5 test variables, accounting for a small 
amount of score variance. The clinical implications of normative data incorporating 
education and general verbal ability are discussed. 
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CHAPTER I 
INTRODUCTION 
Worldwide, 15 million people suffer stroke annually, and of the ten million who 
survive, five million are left permanently disabled (World Health Organization, n.d.). 
Many more suffer traumatic brain injury (TBI), and although worldwide epidemiological 
data are lacking, it is evident that disability arising from neurotrauma places a significant 
burden on countries globally (Thurman & Holder, 1995). In the United States alone, 
someone suffers stroke every 45 seconds (Centers for Disease Control and Prevention 
[CDC], n.d.a), and over 80,000 become permanently disabled annually from TBI (CDC, 
n.d.b). In addition, dementia claims hundreds of thousands of new victims each year, and 
4.5 million Americans are currently diagnosed with Alzheimer's disease alone 
(Alzheimer's Association, 2004). 
Many types of brain damage and disease produce memory impairments (Heilman 
& Valenstein, 2003; Lezak, Howieson, & Loring, 2004). For example, TBI has long been 
associated with deficits in immediate memory span and learning, often producing severe 
long-term impairments and decreased quality oflife (Bennett-Levy, 1984; Kaitaro, 
Koskinen, & Kaipo, 1995; Hsiang & Marshall, 1998; Zec at aL, 2001). Memory 
impairment is a primary symptom of dementia of the Alzheimer's type (American 
Psychological Association, [APA], 2000). Chronic alcoholism is associated with subtle 
short-term memory weakness, especially for visuospatial information (Ryan & Butters, 
1986; Ryan, DiDario, Butters, & Adinolfi, 1980), and with Korsakoff s syndrome, in 
which severe anterograde amnesia with temporally graded retrograde amnesia is a 
hallmark symptom (Brandt & Butters, 1986). Herpes simplex encephalitis may cause 
profound anterograde memory loss as well, along with considerable retrograde memory 
impairment (O'Connor, Verfaellie, & Cermak, 1995; Sharief & Swash, 1998). 
In this chapter, a brief discussion of the state of the field with respect to 
diagnosing memory impairment is presented first. Then memory tests are considered, 
specifically the California Verbal Learning Test (CVLT) and the California Verbal 
Learning Test, Second Edition (CVLT-ll). A summary of the effects of education on 
neuropsychological test scores in general and CVL T scores in particular is next, followed 
by a summary of the effects of intellectual ability on neuropsychological test scores and 
CVLT scores. Finally, the rationale and aims of the present study are outlined. 
Diagnosing Memory Impairment 
Memory is no longer considered to be a unitary phenomenon as it once was 
(Heilman & Valenstein, 2003). As the study of memory has evolved, it has become 
possible to delineate more specifically the particular characteristics and neurological 
correlates of memory impairment in various disorders and to generate theories about why 
specific memory deficits occur. Predominantly, it has been noted that specific impairment 
is often associated with damage to particular regions of the brain. For example, lesions of 
the left hippocampus, medial temporal lobe, and diencephalon are associated with verbal 
memory impainnent (e.g., von Cramon, Nebel, & Schuri, 1988; Manns & Squire, 2002). 
Right temporal lobe damage may impair memory for designs, faces, melodies, and other 
nonverbal material and for spatial information (e.g., Abrahams, Pickering, Polkey, & 
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Morris, 1997; Milner, 1968). In addition, differential neuroanatomical regions appear to 
subserve memory sUbcomponent processes, and both short-term phonological store and 
rehearsal processes that revive the phonological memory trace to prevent its decay are 
necessary for healthy short-term memory functioning (Vallar & Papagno, 2002). Lesions 
in regions of the brain not specifically subserving memory functions have been shown to 
affect memory processes as well. For example, frontal lobe lesions have been shown to 
impact memory strategies and overall memory functioning (Baldo, Delis, Kramer, & 
Shimamura, 2002; Mayes & Warburg, 1992; Tremont, Halpert, Javorsky, & Stem, 2000). 
It is believed that frontal lesions do not cause true amnesia but rather deficits in 
monitoring and controlling memory processes during encoding and retrieval (Baldo & 
Shimamura, 2002), processes sometimes referred to as meta-memory (Rains, 2002). 
Because different types of memory impairments are associated with different 
types of brain damage, accurate asssesment of memory functioning is important for 
successful treatment, rehabilitation, and remediation of impairments (Ferer & Martin, 
1992; Haut & Shutty, 1992). Neuropsychological assessment is conducted not only to 
detennine if memory impairment actually exists, but also to monitor progression or 
recovery over time, to provide a detailed case description, and to assess the likelihood of 
response to rehabilitation or to detennine particular rehabilitation needs (Wilson, 2002). 
In order to answer these questions, many aspects of memory must be assessed, including 
verbal and visuospatial immediate memory; delayed episodic recall and recognition 
memory; new verbal, visual, and spatial learning; implicit memory; remote memory for 
autobiographical infonnation and public information; prospective memory (i.e., 
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remembering to do things at a certain time or under certain conditions); and verbal and 
visual semantic memory. 
Memory Tests 
Making a differential diagnosis and/or accurately describing memory deficits 
requires the utilization of multiple memory tests, and many neuropsychological 
instruments have been developed for use in assessment (Lezak et aI., 2004). For example, 
Wechsler Memory Scale-Third Edition (WMS-III) Logical Memory sub tests assess 
short-term and long-term memory as well as recognition memory for verbal information 
arranged in a short story (Wechsler, 1997b). The Rey-Osterrieth Complex Figure Test 
(RCFT) assesses constructional abilities and visual memory for a complex abstract design 
(Meyer & Meyers, 1995). And the WMS-III Family Pictures subtests assess short-term 
and long-term memory for complex, meaningful visual information (Wechsler, 1997b). 
The pattern of scores for an individual patient across tests provides important clues about 
the effect of brain damage on cognitive functioning (Lezak et aI., 2004). In addition to 
clinical memory assessment, information about memory functioning is gathered from the 
patient and family members. Some clinicians may also conduct test simulations of 
everyday memory skills (Larrabee & Crook, 1996). 
The California Verbal Learning Test 
The cognitive science approach to test construction attempts to assess empirically 
identified component functions and utilizes scoring categories that reflect cognitive 
mechanisms such as problem-solving strategies and error types (Delis, Kramer, Fridlund, 
& Kaplan, 1990). Feher and Martin (1992) highlighted the importance of using such an 
approach in clinical practice as the field of neuropsychology developed from a focus on 
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detecting brain damage to one of providing detailed descriptions of patients' cognitive 
deficits. The CVL T -II was developed using principles of cognitive neuroscience and is a 
frequently used test of verbal memory in clinical practice that assesses word list learning 
(Lezak et aI., 2004; Lynch, 2002). The original version of the CVLT was designed to aid 
in the assessment of various component processes of verbal memory that are frequently 
differentially impaired in brain damage (Delis, Filoteo, Massman, Kaplan, & Kramer, 
1994). It was designed not only to quantify the amount of information remembered but 
also the different strategies and processes used by the patient as well as specific types of 
errors made (Delis, Freeland, Kramer, & Kaplan, 1988). Among the processes assessed 
were learning strategy, acquisition rate, serial position effect, discriminability, and 
interference effects (Delis et aI., 1988). 
Some components of memory addressed in the development of the CVL T will be 
briefly discussed here. Short-term memory refers to immediate recall, in contrast to long-
term memory, which is measured after a delay in which the material is not rehearsed 
(Delis et aI., 1994). The importance of differentiating short-term versus long-term 
memory impairment is underscored by the fact that patients with early Alzheimer's 
disease show a greater tendency toward rapid forgetting (measured by impaired long-
term memory) compared to immediate forgetting (Delis et aI., 1991). 
Learning refers to efficiency in encoding new information in memory and is 
usually assessed over repeated trials, whereas memory refers to retention of learned 
material over time (Delis et aI., 1994). The learning versus memory distinction is 
highlighted in Huntington's patients, who tend to display impaired learning as measured 
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by immediate recall but usually have normal rates of forgetting as measured by long-term 
recall (Delis et al., 1991). 
Encoding refers to the transformation of material into stored mental 
representations and is contrasted with retrieval, the ability to bring the information back 
into conscious awareness (Delis et a1., 1994). These two processes can be dissociated, as 
evidenced by more severe free recall impairments demonstrated by patients with 
subcortical diseases, in contrast to relatively preserved recognition memory. 
Proactive interference occurs when information learned earlier interferes with 
subsequent learning of new information and may manifest in neuropsychological testing 
as a high number of intrusion errors (Delis et al., 1994). Patients with Alzheimer's 
disease and Korsakoff s patients both tend to make high levels of intrusion errors (Delis 
et a1., 1991). In contrast, retroactive interference occurs when the recall of previously 
learned material is negatively affected after the learning of new material (Delis et a1., 
1994). 
How individuals encode new information is affected by the efficiency, or lack 
thereof, of organizing strategies (Delis et al., 1994). Semantic clustering, a strategy 
involving grouping words in the same semantic category, has been found to be an 
efficient method of learning verbal list material, in relative contrast to serial-order 
clustering. Serial-order clustering refers to remembering words in the order that they 
were presented and is correlated with poorer delayed recall. 
Primacy and recency effects refer to one's ability to remember words in terms of 
the position of words in the original presentation of material (Delis et a1., 1994). 
Information in primacy regions (at the beginning of presented material) is more difficult 
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for some individuals to recall, and it is thought that this is due to the necessity of 
encoding this information into long-term storage. On the other hand, information in 
recency regions (at the end of presented material) is less difficult for some individuals to 
recall and may be merely echoed back after presentation, thus reflecting more of an 
immediate memory span than true learning or memory. Primacy and recency effects may 
be assessed with both recall and recognition memory tasks. 
Factor analysis of the CVLT supports the conceptual framework for this test 
(Lezak et al., 2004). Delis et al. (1988) found six verbal memory factors for the CVLT 
using a sample of286 normal subjects. Many variables loaded onto the first factor, 
labeled General Verbal Learning. This supports theories of learning positing the existence 
of a large general learning factor along with smaller, more specific factors (Lezak et al., 
2004). The second factor, Response Discrimination, reflected subjects' tendency to make 
intrusions and false positive recognition memory responses (Delis et al., 1988). Learnin~ 
Strategy was the third factor, with loadings on semantic clustering and serial clustering, 
which were inversely related. Two variables loaded onto the fourth factor, labeled 
Proactive Interference. Serial Position Effect was the fifth factor, loading on two 
variables reflecting recency and primacy effects. Lastly, the learning slope variable 
loaded onto an Acquisition Rate factor. The test developers then ran a similar factor 
analysis using 113 neurological patients and found similar, but not exactly identical, 
results. In this population, researchers found only five factors, four of which overlapped 
with the normal subject factors (General Verbal Learning, Response Discrimination, 
Learning Strategy, and Serial Position Effect). In the patient population, the learning 
slope variable loaded onto General Verbal Learning and Learning Strategy factors and 
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did not comprise its own factor. There was no Proactive Interference factor (considered a 
fundamental characteristic of verbal learning), rather the variables loaded onto Response 
Discrimination and Learning Strategy factors. The fifth factor to emerge in the patient 
population was labeled Retroactive/Short Delay Effect and had high loadings on Short 
Delay versus Trial 5 recall. When normal subjects and neurological patient data were 
considered together, the original six-factor solution again emerged. 
Similarly, Millis (1995) found that six factors accounted for 80% of the CVLT 
score variance for subjects with TBI. As with the Delis et al. (1988) factor analysis, it 
was found that the General Verbal Learning factor accounted for the most variance. 
Gardner and Vrbancic (1998) also found that the General Verbal Learning factor was the 
largest predictor of verbal learning for TBI patients, while scores on the other factors did 
not discriminate between patients with moderate or severe head injury. Using patients 
with TBI, Wiegner and Donders (1999) developed an alternate four-factor model 
consisting of Attention Span, Learning Efficiency, Delayed Recall, and Inaccurate Recall. 
In this study, four reliable subtypes of performance were found that reflected level and 
pattern of impairment. The authors concluded that the CVL T is a sensitive and 
multifactorial measure of verbal learning and memory in this patient popUlation. 
The original version of the CVL T was one of the first assessment instruments to 
attempt to quantify the multifactorial ways that people learn or fail to learn and was 
considered a research version (Delis, Kramer, Kaplan, & Ober, 1987). It was widely used 
to explore the characterization of distinct memory profiles across neurological and 
psychiatric disorders (Delis, Kramer, Kaplan, & Ober, 2000). Criticisms ofthe original 
version of the CVL T included grossly inadequate norms and inflated standard scores, 
8 
insufficient reliability, and the use of z-scores for non-nonnal distribution of variables 
such as intrusions and repetitions (Ellwood, 1995; Lynch, 2002; Wiens, Tindall, & 
Crossen, 1994). Wiens et al. administered the test to 700 nonnal subjects with an average 
IQ of 106 and 14.5 years of education. This group perfonned slightly below the norms 
provided by the publisher. Stallings, Boake, and Sherer (1995) compared scores for head-
injured patients who were administered both the CVLT and a similar word-list task, the 
Rey Auditory Verbal Learning Test (R-A VLT), and found that standard scores achieved 
for short delay free recall and Total Words Trials 1-5 on the CVLT were significantly 
lower than on the R-AVLT, although raw scores were similar. Randolph et al. (1994) 
found similar large differences using patient populations and normal volunteers who were 
administered the CVLT and the Wechsler Memory Scale, Revised (WMS-R). 
The California Verbal Learning Test, Second Edition 
The CVLT-II was developed to address many of these concerns (Lynch, 2002). A 
large nonnative database, collected on a demographically stratified sample of the U.S. 
population with respect to race/ethnicity, education level, and region was used, stratified 
by seven age groups (Delis et aI., 2000). The scoring system was re-designed and 
elaborated upon. Types of memory functioning assessed by the CVLT -II include 
immediate auditory span, learning consistency, immediate free recall, proactive 
interference, semantic organization, serial clustering strategy, short delay free recall and 
retention, short delay cued recall, long delay free recall and retention, long delay cued 
recall and recognition, forgetting rate, perseveration, intrusions and type of intrusions, 
false positive rate, response bias, types of discriminability, and forced choice recognition 
memory. The forced-choice recognition trial was added to detect inadequate effort. In 
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addition, an alternative form and a short form were developed for the second edition. The 
words on the list were made easier to understand, and their semantic categories were 
modified to be more familiar to a wider variety of patients. Psychometric properties of 
the second version are good (Mitrushina,Boone, & D 'Elia, 2004). 
In administering the CVLT-II, 16 words are presented in four semantic categories 
(vegetables, animals, ways of traveling, and furniture) across five learning trials, with 
words from the same semantic category not presented consecutively (Delis et a1., 2000). 
After each presentation, the patient is asked to remember as many words as possible, in 
any order. An interference list of 16 words in four semantic categories is then presented 
for one trial and similar recall elicited. Two categories in the interference list overlap 
with the first list (vegetables and animals are used; there also are musical instruments and 
parts of buildings). After this, there is a short-delay free recall of words on the first list, 
followed by a short-delay cued recall trial in which the patient is given the semantic 
categories and asked to remember the words in each category. Following a 20-minute 
delay, free recall and cued recall of the first list are elicited again. This is followed by a 
yes/no recognition trial including all of the words from the first list plus eight distractor 
responses from the interference list and eight new distractor responses. After another 10-
minute delay, an optional forced choice recognition trial may be administered, consisting 
of words from the fIrst list paired with words semantically unrelated to any previously 
presented word. 
Effects of Education on Neuropsychological Performance and CVLT Scores 
Education has been shown to affect neurocognitive test scores generally and 
memory in particular for normal subjects (e.g., Heaton, Grant, & Matthews, 1986; 
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Heaton, Ryan, Grant, & Matthews, 1996; Mitrushina et al., 2004; Spreen & Strauss, 
1998). Results of studies investigating education effects for the CVLT have been 
equivocal, with some finding little or no effect (e.g. , Paolo, Troester, & Ryan, 1997; 
1997; Keenan, Ricker, Lindamer, Jiron, & Jacobson, 1996; Wiens et al., 1994). However, 
stronger education effects were found by Norman, Evans, Miller, and Heaton (2000). To 
date, no research appears to have investigated the effects of education on scores on the 
second version of the test. 
Effects of Intellectual Ability on Neuropsychological Peiformance and CVLT Scores 
General intellectual ability as measured by IQ is associated with performance on 
many neuropsychological tests (e.g., Bell & Roper, 1998; Diaz-Asper, Sclrretlen, & 
Pearlson, 2004; Dodrill, 1999; Horton, 1999; Jung, Yeo, Chiulli, Sibbitt, & Brooks, 2000; 
Tremont, Hoffman, Scott, & Adams, 1998). Verbal ability in particular is associated with 
performance on verbal neuropsychological tests (e.g., Hawkins & Bender, 2002; Rapport 
\ et al. , 1997; Welch, Doineau, Johnson, & King, 1996). Similarly, FSIQ and Verbal IQ 
effects were found for some scores on the fust version of the CVLT (Hermann, Wyler, 
Steenman, & Richey, 1988; Keenan et al., 1996, Rapport et al., 1997; Schear & Craft, 
1989; Wiens et al., 1994). 
Because of the importance of understanding the effects of these variables on 
verbal memory testing, this study assessed the effects of education and general verbal 
ability on CVLT-II scores. Specifically, the aims of this research project were: 1) to 
determine the effect of education level on components of the CVLT -II. These 
components are Trial 5, Total Words Trials 1-5, Short Delay Free Recall, and Long 
Delay Free Recall; 2) to develop education-corrected norms for these CVLT-JI 
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components, if applicable; 3) to determine the effect of Wechsler Adult Intelligence 
Scale, Third Edition (WAIS-III; Wechsler, 1997) Vocabulary scores on CVLT-II scores; 
and 4) to develop Vocabulary-corrected norms for the CVLT -II, if applicable. It is 
hypothesized that small education effects will be found for TrialS, Total Words Trials I-
S, and Short Delay Free RecalL It is further hypothesized that slightly greater effects will 
be found for Vocabulary scores on these same three components. 
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CHAPTER II 
REVIEW OF LITERATURE 
In this chapter, the rationale for using education norms as an aid to interpreting 
neuropsychological test scores is fIrst considered, along with a discussion of similar 
effects relating to the patient's general intellectual ability and verbal ability levels. This is 
followed by a review of normative studies in the literature that consider education level, 
intellectual ability as measured by IQ, verbal ability, gender, ethnidty/race, and the 
presence of psychiatric diagnosis. 
Rationale behind USingEducation Norms 
The use of norms is a fundamental tool in neuropsychological assessment 
(Capitani, 1997). In order to determine whether or not cognitive defIcits are present for 
individual patients, it is necessary to compare the scores achieved during testing with 
either population norms or some individual measure of previous cognitive functioning 
(Lezak et aI., 2004). For tests with normal distributions of scores, individual comparisons 
are the most useful, since these give specifIc measures of the patient's current abilities in 
relation to previous functioning. In conh'ast, depending upon where the patient's scores 
fall on the normal curve, a drop from previous functioning may not be immediately 
apparent using population norms, However, most patients do not have records that 
provide specific information about premorbid neuropsychological functioning. Therefore, 
population norms are commonly used in clinical practice (Mitrushina et aI., 2004). This 
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provides the clinician with an estimate of the patient's premorbid cognitive ability level 
(Lezak et aI., 2004). 
Population nonns represent average scores obtained by persons in well-defined 
populations and are the most useful in evaluating functions that develop in childhood but 
are not related to specific mental abilities or skills (Dodrill, 1999; Lezak et aI., 2004). 
Memory, perception, attention, and motor abilities fall into this category. In the 
assessment of brain damage, population norms are most useful when the skill or ability is 
within the capability of most normal adults and does not vary much with age, sex, 
education, or intellectual ability as measured by IQ. 
Besides age, education is most often related to performance on 
neuropsychological tests (Mitrushina et aI., 2004), with the association being stronger for 
those with less education (Capitani, 1997). The results are more equivocal for brain-
damaged patients. For example, Raskin, Mateer, and Tweeten (1998) found that gender 
and age were significantly related to cognitive performance in a sample of subjects with · 
mild TBI, while educational level achieved was not associated with cognitive 
performance. In contrast, education has been shown to be significantly related to 
neuropsychological testscores for schizophrenic patients (Wilk et aI., 2004). Although it 
has been argued that the relationship between education level and cognitive performance 
is minimal for brain-damaged samples (e.g., Reitan & Wolfson, 1997; Reitan & Wolfson, 
2004), Lezak et al. (2004) noted that a reduction in the association between demographic 
variables and cognitive performance is statistically expected due to random error. 
Some tests, including tests of vocabulary level, are strongly associated with 
education level and socioeconomic status (Heaton et al., 1996; Johnstone et aI., 1997; 
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Lezak et al., 2004). Thus, in order to achieve a representative sample that takes these 
variables into account, random selection of subjects is desirable. However, in practice 
standardization samples are rarely randomly selected and dramatically vary across 
normative populations (Kalechstein, van Gorp, & Rapport, 1998). Norms are usually 
developed on local samples in the test developer's geographical area (Hawkins & Bender, 
2004; Lezak et al., 2004; Stricks, Pittman, Jacobs, Sano, & Stem, 1998). Often these 
samples are not representative of either local or national populations in terms of ethnicity, 
education, etc. If these non-representative norms are then used to aid in interpreting 
patient scores, there is a danger of clinical errors. Especially, there is a danger of false 
positive errors when assessing older or poorly educated individuals. For this reason, 
Mitrushina et al. (2004) emphasized that all normative data are of limited use and that the 
best norms are those in which the normative sample is demographically similar to the 
patient. Significant subject variables include age, sample size, education and IQ, and 
gender. Because there is a strong association between education level and IQ, it has been 
suggested that education level largely serves as a proxy for intellectual abilities (Hawkins 
& Bender, 2002; Mitrushina et al., 2004). However, because education level is a stable 
demographic not affected by brain damage or disease, it remains a useful variable, and 
many tests have been normed for education (Mitrushina et al., 2004). 
In this review of literature, no theories were found postulating why education 
level may make a difference in neuropsychological test scores. Rather, books and articles 
found in the literature tended to simply describe the association between education and 
neuropsychological test scores or other variables. Limitations in the use of education-
corrected nonns include problems with regression to the mean, especially when using 
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purely demographic methods, with extreme IQ scores being the most vulnerable (Lezak 
et a1., 2004). Also, the use of education-corrected normative data relies on the assumption 
that little variability exists among persons with a given education level (Johnstone et al., 
1997). It is true that intellectual ability and education are highly correlated (Mitrushina et 
a1., 2004). However, when all high school graduates are grouped together for normative 
purposes, this may obscure the fact that education varies widely in different education 
systems, that many high school seniors are allowed to graduate without sufficient 
academic skills, and that financial constraints can limit even the most gifted students' 
pursuit of a college education (Johnstone et al., 1997). For the individual patient, these 
differences reduce the usefulness of education-corrected norms. 
Some clinicians use reading scores rather than or in addition to education norms 
to estimate levels of pre morbid intellectual functioning (Lezak et al., 2004). Similar to 
education level, reading scores have been found to be highly correlated with W AIS-R 
Verbal IQ index scores (Johnstone, Callahan, Kapila, & Bouman, 1996). Johnstone et al. 
(1997) conducted a study comparing the accuracy of using education norms versus 
reading scores to estimate premorbid intelligence among 174 patients with TBI. It was 
found that the education-based method yielded greater estimates of impairment for 
WAIS-R FSIQ, Grip Strength, and Finger Tapping, while reading scores yielded greater 
estimates of impairment for TMT parts A and B. Memory tests were not included in this 
study. 
Effects of Education on Neuropsychological Test Performance 
It is well established that education level affects scores on neuropsychological 
tests generally (Heaton et al., 1986; Heaton et al., 1996; Mitrushina et al., 2004; Spreen & 
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Strauss, 1998). For example, positive associations were found with education on 5 out of 
7 tests of the Halstead-Reitan Neuropsychological Battery (HRNB; Heaton et al., 1986). 
In fact, scores on the W AIS were shown to be more associated with education than with 
age, and it has been suggested that age effects are strongly associated with education 
levels that have changed over time. 
Education effects have been found for patients with TBI as well (Sherrill-Pattison, 
Donders, & Thompson, 2000). Sherrill-Pattison et al. conducted a study of 136 medically 
stable patients with TBI and found that age and education accounted for a significant 
portion of the variance in raw scores on the Category Test, Trail Making Test (TMT), and 
Wechsler Adult Intelligence Scale, Revised (WAIS-R). In addition, taking education and 
age into account led to greater classification accuracy for individuals with mild to 
moderate TBI. However, equal accuracy was achieved whether or not demographically-
corrected norms were used for patients with severe TBI. 
Effects of Education on the First Version of the CVLT 
Education effects were not reported by the publishers for either the first or second 
version of the CLVT (Delis et al., 1987; Delis et al., 2000). Other researchers have 
examined the issue further. Paolo et al. (1997), in a study examining the effects of aging 
on performance, found that only 3 out of 29 variables demonstrated an effect of education 
and that the effect size was relatively small. Similarly, Keenan et al. (1996), in a study 
examining effects of W AIS-R Vocabulary scores on CVLT performance, found that 
education level was not significantly related to performance on the CVL T. 
Wiens et al. (1994), in a normative study examining the impact of various 
demographic variables and FSIQ on CVLT performance, found that education was not 
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significantly associated with scores on the CVL T. In this study, subjects were stratified 
by years of education, in one- or two-year increments for males and females. Correlations 
between education and CVLT Total Words Trials 1-5 were not significant for any 
education level, although males with more education tended to achieve higher scores. 
In contrast, more robust education effects for the first version of the CVLT were 
found by Norman et al. (2000). In this study, 906 normal subjects broadly stratified by 
race/ethnicity were divided into a base sample of 672 subjects, with results cross-
validated on the remaining 234 subjects. Notably, the sample was 39% African American 
and 61 % Caucasian American, in contrast to the poor representation of ethnic minorities 
in the publishers' original sample. Subjects were divided into two groups, those with an 
education level ofless than high school (n = 140) and those with a Bachelor's degree or ' 
higher (n = 267). Using multiple regression analyses, education, along with age, gender, 
and ethnicity, were found to make significant contributions to performance on Trial 1 , 
Trial 5, Total Words Trials 1-5, List B, Short Delay Free Recall (SDFR), and Long Delay 
Free Recall (LDFR), although the effect sizes for Trial 1 and List B were small. 
Prediction equations then were calculated to produce demographically-corrected T scores 
and are replicated in Table 1. 
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Table 1. 
CVLT norms formulae derived by Norman et al. (2000) 
Tria11 = 3.58(Tria11 SS) - 3.12 + .323(age) - .369(ed) + 3.35(gender) + 5.65(ethnicity) 
Trial 5 = 4.04(Tria15 SS) - 4.24 + .396(age) - .998(ed) + 4.90(gender) + 5.99(ethnicity) 
Trials 1-5 = 4.07(Trials 1-5 SS) - 10.8 + .443(age) - .748(ed) + 4.90(gender) + 
5.99( ethnicity) 
List B = 3.82(ListB SS) - 5.03 + .294(age) - .386(ed) + 4. 17(gender) + 
5.799(ethnicity) 
SDFR= 3.955(SDFR SS) -4.13 + .372(age) - .815(ed) + 4.48(gender) + 4. 11 (ethnicity) 
LDFR = 4.17(LDFR SS) -4.16 + .375(age) - .959(ed) + 4.50(gender) + 4.42(ethnicity) 
Age: True age, except 20 - 34 years coded as 34 
Gender: Female = 0, Male = 1 
Ethnicity: Caucasian = 0, African American = 1 
Effects of General Intellectual Ability on Neuropsychological Test Performance 
General intellectual ability as measured by IQ scores affects neurocognitive test 
perfonnance (Heaton et a1., 1996; Lezak et a1., 2004; Mitrushina et a1., 2004) and often is 
used clinically as an indicator of pre morbid functioning (Diaz-Asper et al., 2004; 
Johnstone, Hexum, & Ashkanazi, 1995; Johnstone et a1., 1997; Reitan, 1985; Tremont, 
Hoffman, Scott, Adams, & Nadolne, 1997; Tremont et a1., 1998). Nearly all measures of 
neuropsychological ability demonstrate a strong relationship to intelligence, and 
summary scores for intelligence are about as sensitive in discriminating between brain 
damaged and normal subjects as neuropsychological tests (Sherer, Scott, Parsons, & 
Adams, 1994; Warner, Ernst, Townes, Peel, & Preston, 1987). In fact, general intellectual 
ability may be a more important indicator of premorbid memory functioning for some 
patients than education (Keenan et a1., 1996). 
Prediction in the reverse direction is also possible. Moses, Pritchard, and Adams 
(1997) found that they were able to predict general levels of perfonnance on the W AIS-R 
from scores on the Luria-Nebraska Neuropsychological Battery (LNNB) and the HRNB. 
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LNNB scores accounted for 64% of the variance on WAIS-R profile levels, and standard 
scores on the HRNB uncorrected for age and education accounted for 49% of the 
variance on WAIS-R profile levels. At the same time, Moses et al. warned against trying 
to predict specific neuropsychological deficits using the pattern of scores on the WAIS-R, 
since most patients demonstrated a unique pattern of scores on the subtests. Rather, the 
authors recommended that intelligence scores be used as an index of general functioning 
against which specific functions can be compared to indicate neuropsychological deficits. 
Recently, Dodrill (1997) contended that it is a myth of neuropsychology that 
"above-average performances on neuropsychological tests are (to be) expected when 
intellectual abilities are above average." In support of this, he presented data from a study 
of 181 normal subjects from the community who were administered both the HRNB and 
the WAIS-R. On the basis of scores on the WAIS-R, subjects were divided into 13 
overlapping groups with mean FSIQs ranging from 70 to 130. (The sample consisted 
originally of 120 subjects, to which 61 subjects of somewhat greater intellectual ability 
were added.) Subjects whose W AIS-R FSIQ was within 10 points of either side of the 
targeted value were included in each group, unless the resulting group mean FSIQ did not 
correspond exactly to the targeted IQ score, in which case extreme scores were 
eliminated so that the mean FSIQ was within 0.5 points of the target IQ. Thus a subject 
could be counted in more than one group, which led to a smoothing of values. Subjects 
were primarily young (M = 26.36, SD = 10.92), healthy, and Caucasian. Later, Dodrill 
(1999) noted that he selected a relatively homogeneous sample in order to avoid issues 
such as those related to ethnicity, aging, and education. Dodrill (1997) then plotted the 
HRNB Impairment Index (HRNB-II), which reflects the percentage of scores outside 
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nonnallimits, and the Dodrill Discrimination Index (DDt), the percentage of 16 
neuropsychological test measures outside nonnallimits, against IQ. In Dodrill's figure 
representing the relationship between WAIS-R FSIQ scores and the HRNB-II, a 
prominent relationship was apparent in the below average range, flattening out 
considerably in the average range, and becoming negligible in the above average range. 
Upon closer examination, he found a strong relationship between mean values for the 
HRNB-II and FSIQ levels of70 to about 90 or 95. However, the HRNB-II was almost 
identical for the FSIQ 105 and FSIQ 130 groups. As a result, Dodrill concluded that little 
consistent improvement in neuropsychological test perfonnance can be expected for 
subjects with FSIQ scores above 100 or 105. He stressed that clinicians should not 
assume a linear relationship between IQ and neuropsychological test scores, since brain 
functioning, unlike intelligence, is not nonnally distributed but is in fact highly skewed. 
Others in the field challenged Dodrill's assertion (e.g., Bell & Roper, 1998; 
Horton, 1999; Tremont et a!., 1998). Bell and Roper (1998) argued from the existing 
body of studies in the field that subjects with above average intellectual abilities indeed 
can be expected to perfonn at above average levels on neuropsychological tests, 
especially with respect to memory abilities. For example, they pointed out that the 
absolute cutoff score used by Dodrill to detennine the HRNB-II could result in a 
misleading floor effect that would disproportionately affect results for those with higher 
IQs. They also noted that Reitan (1985) found a consistent relationship between WAIS-
IQ and HRNB-II for both a brain-damaged and a control group when those with above 
average IQs were separated into four IQ classifications. The authors then went on to 
compare some of Dodrill's data for groups with mean FSIQs of 105 and 120 using the 
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Comprehensive Norms for an Expanded Halstead-Reitan Battery (Heaton, Grant, & 
Matthews, 1991). Category Test errors and Trail Making Test Part B time to completion 
mean scores were converted to age- and education-corrected T-scores for 20- to 34-year-
old males with 12 years of education for these two IQ groups (FSIQ 105 and FSIQ 120). 
Using this procedure, Bell and Roper found differences of eight to nine T-score points, 
almost a full standard deviation. While there was no consistent effect of IQ on test scores 
for groups with a mean FSIQabove 120, the authors noted that the sample sizes at those 
levels were quite small and not necessarily representative. They pointed out that 
consistent large differences across the IQ range also have been found for psychiatric 
inpatients (Warner et aI., 1987). In addition, differences have been found for specific 
tests, including the Paced Auditory Serial Addition Task (P ASAT; Brittain, la Marche, 
Reeder, Roth, & Boll, 1991), CVLT (Wiens et aI., 1994), andR-AVLT (Wiens, McMinn, 
& Crossen, 1988). However, sample size in the> 130 FSIQ range for both verbal list 
learning tests was noted to be quite small. Bell and Roper (1998) concluded that it would 
be more accurate to say that people who are above average in intelligence are likely to 
perform within the above average range on some, but not necessarily all, 
neuropsychological tests and that a few average scores should not automatically lead to a 
diagnosis of brain injury. 
Tremont et al. (1998) criticized Dodrill's (1997) study because of his use of 
overlapping IQ groups, such that subjects could be in more than one group and 
potentially distort group differences. Also, they noted that Dodrill's subjects were 
primarily young, healthy, and White. In contrast, the majority of patients referred for 
neuropsychological evaluation are likely to have psychiatric, neurological, andlor 
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medical complaints that impact test perfonnance. Previously, Warner et al. (1987) found 
a strong relationship between IQ and neuropsychological test performance for neurologic 
and psychiatric patients. In order to assess the relationship of these variables for a clinical 
sample without documented neurological abnonnalities, Tremont et al. (1998) conducted 
a study of 157 normal controls drawn from an outpatient neuropsychology practice and 
found to be nonnal after neuropsychological assessment. Subjects did not differ 
significantly in age, but the above average group had significantly more education than 
either of the other two groups, who did not differ significantly from each other. Subjects 
were divided into groups based on WAIS-R FSIQ. Thirty-five subjects were in the below 
average group (FSIQ ~ 89), 84 were in the average group (FSIQ 90 to 109), and 38 were 
in the above average group (FSIQ ~ 110). Subjects also were administered the HRNB. 
Using a one-way analysis of variance (ANOVA) with Student-Newman-Keuls post hoc 
comparisons, Tremont et al. found that all groups differed from one another on the 
majority oftest variables. For the remaining variables, with the exception of motor tests, 
the above average group performed significantly better than both the average and below 
average groups, although these two groups did not differ from each other. In addition, 
correlations between test scores, FSIQ, age, and education were calculated. As expected, 
age and education were significantly related to neuropsychological test performance, 
although the percentage of variance accounted for by these variables was relatively small. 
FSIQ was associated more strongly with many neuropsychological test variables than 
either age or education, with the greatest portion of variance accounted for by summary 
scores (FSIQ & HRNB-II r = -.49; FSIQ & WMS Memory Quotient [WMS-MQ] r = 
.48). A multiple regression analysis was then conducted with age and education as the 
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initial predictors, followed by FSrQ scores for each neuropsychological variable. 
Analysis revealed that FSrQ contributed significantly to the variance in scores even after 
controlling for age and education (i.e., Trail Making Part B R2 for age/education = .20, R2 
with FSrQ added = .36). Again, the relationship was especially strong for summary 
scores (HRNB-II R2 for age/education = .28, R2 with FSIQ added = .50; WMS-MW R2 
for age and education = .26, R2 with FSIQ added = .56). It was also noted that some tests 
were less consistently impacted than others by IQ level, and clinicians were encouraged 
to adjust their expectation for different tasks while considering IQ in general as an aid to 
interpreting neuropsychological test scores. 
In addition, Tremont et aL (1998) collapsed Dodrill's (1997) data into three IQ 
groups in order to make comparisons between studies. While acknowledging that it was 
not entirely clear how Dodrill separated subjects into 13 overlapping groups and 
smoothed the data, the researchers organized the data using mean scores for each IQ 
group, possibly resulting in individuals being counted more than once within each group. 
They found that Dodrill's subjects performed better within each IQ group than did 
subjects in their own study, and concluded that this was consistent with age differences 
and lack of clinical status. However, the same pattern emerged with Dodrill's 
community-based subjects for many of the variables as it did for their own clinically-
based sample. Dodrill's (1999) response was that Tremont et al.'s computations of his 
data were erroneous on all counts. 
Dodrill (1999) further criticized the Tremont et al. study because it failed to adjust 
for age in statistical analyses and differences in age among groups approached 
significance (below average mean = 34.03, SD = 13.80; average mean = 40.55, SD = 
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16.73; above average mean = 41.71, SD = 14.65,p = .07). Also, the intellectually average 
subjects were determined to be neurologically normal based on absence of positive 
biomedical tests (EEG, CT, MRI, etc.) and at least one negative test, as well as lack ofa 
clinical diagnosis after neurological assessment. Many of these "normal" subjects also 
demonstrated impaired performance on some cognitive tests, raising the possibility that at 
least some were not in fact normal, a point that Tremont et al. (1998) conceded in their 
original article. 
From a factor analytical perspective, Larrabee (2000) also criticized the Tremont 
et al. (1998) study, arguing that any relationship between measures of intellectual ability 
and neuropsychological test performance are due to shared factors and that IQ should not 
be used as a measure of premorbid ability. He further argued that the strong correlation 
between W AIS-Rand WMS-R or HRNB test scores is a direct result of factor and subtest 
overlap. For example, the HRNB Category Test and Tactile Performance Test have 
primary loadings in common with the W AIS-R Performance IQ subtests, and Logical 
Memory subtests share significant loadings with the W AIS-R Verbal IQ subtests. 
Larrabee surmised that this explains the sensitivity of the W AIS-R in detecting brain 
damage (Sherer et a1. , 1994). In addition, he noted that standard errors of estimate (SEe) 
were large for these correlations, amplifying problems with regression to the mean. He 
suggested that a better method of analyzing neuropsychological test performance is 
through extensive use of normative data that takes into account age, education, and 
gender. 
Horton (1999) similarly concluded that Dodrill's (1997) assertion that above 
average performance on neuropsychological tests is not to be expected for those with 
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above average intelligence was flawed. In this study, Horton reanalyzed data from an 
earlier HRNB normative study (Pauker, 1980, as cited in Horton, 1999), utilizing 363 
normal subjects drawn from the community (aged 19 to 71) and divided into four groups 
by intellectual ability-45 subjects with a FSIQ of 89-102, 102 subjects with a FSIQ of 
103-112, 143 subjects with a FSIQ of 113-122, and 162 subjects with a FSIQ of 123-143. 
Data in the Horton (1999) study were analyzed in two ways. First, FSIQ levels were 
contrasted with HRNB-II scores, and it was found that subjects with higher intelligence 
achieved consistently higher neuropsychological test scores (with the exception of Finger 
Tapping using the dominant hand). Second, in order to compare the data with Tremont et 
al. (1998) and Dodrill's (1997) data as collapsed by Tremont et al., groups were 
constructed for subjects scoring within the below average, average, and above average 
ranges based on W AIS FSIQ. There were minor differences in the FSIQ ranges, and only 
134 subjects matching the approximate age-range of the Dodrill and Tremont et al. 
studies were used. Upon analysis, Horton found that the data closely matched Tremont et 
al. and Dodrill's (collapsed) data. However, Dodrill (1999) noted that normal control 
subjects in Horton's study performed more poorly than those in Dodrill's (1997) study 
and that some of the scores for the average FSIQ group were even in the impaired range. 
In response to Bell and Roper's (1998) concern that HRNB-II cutoff scores may 
have biased results in the original study, Dodrill (1999) reanalyzed the original data 
utilizing a different variable (Trail Making Test Part B; TMT-B) with no cutoff score and 
found similar results. Upon plotting the TMT -B scores, Dodrill noted that there was a 
strong relationship between intelligence and TMT-B scores in the below average range, 
while the curve flattened considerably in the average range and was almost completely 
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flat in the above average range. Dodrill also maintained that some of the studies cited by 
Bell and Roper (1998) showed only slight improvements when IQ was above average 
(e.g., Reitan, 1985) and that this corresponds to the almost flat part of the curve just 
mentioned. Larger differences were reported in some studies, but Dodrill (1999) 
responded that these were based on patient populations or single tests and are not useful 
for making overarching conclusions. 
In light of Horton's (1999) study, Dodrill (1999) reanalyzed his original group of 
120 subjects, divided into below average (FSIQ 66-89; n = 25), average (FSIQ = 90-109; 
n = 66), and above average (FSIQ 110-131; n = 29) groups. He asserted that analyzing 
only the original 120 subjects instead of the complete subject pool of 181 subjects more 
sharply defined groups, collapsed age ranges, and rendered approximately equal groups 
closely matched for age and gender. Using a one-way ANOV A and studentized range 
tests with the Newman-Keuls procedure, the same 23 variables included in the initial 
study were analyzed. As expected, those with average IQs scored significantly higher on 
19 out of 23 variables than did those in the below average group, while those in the above 
average group scored higher than those in the average group on just 7 out of 23 variables. 
Also, correlations not shown in the original paper were produced; 10 significant 
correlations were noted in the below average group, none were found in the average 
group, and 2 were found in the above average group. Dodrill concluded that, while an 
association between IQ and neuropsychological test performance is present at all levels of 
intellectual ability, the relationship is more robust among persons with below average IQ 
than it is for persons with above average IQ. He conceded that he had not accurately 
worded the myth in his original paper (Dodrill, 1997) and offered an alternate wording, 
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"Just as below average performances on neuropsychological tests are found when 
intelligence is below average, to that same degree" above average performances on 
neuropsychological tests are expected when intellectual abilities are above average 
(Dodrill, 1999). 
In a related study, lung et aL (2000) found that intellectual and 
neuropsychological performance not only were related, but subjects also demonstrated 
differences in levels of the neurometabolite N-acetylaspartate (NAA) in a posterior white 
matter region of the brain that varied with performance, which the authors concluded was 
evidence of the biological underpinnings of intellectual and neuropsychological 
performance. Reduced levels ofNAA are associated with neuronal-axonal injury or death 
and impaired cognition. In this study, data was analyzed for 52 community dwelling 
normal, relatively young subjects, stratified by WAIS-III FSIQ as average (90-109), high 
average (110-119); or superior (~120). Subjects were administered the PASAT, RCFT, 
CVLT, Boston Naming Test (BNT), Controlled Oral Word Association Test (COWA), 
Facial Recognition Test, Grip Strength, Grooved Pegboard Test, TMT, and Stroop 
Interference Test. Representative variables were selected from each test, which for the 
CVLT were Total Words Trials 1-5 and LDFR. Scores were converted to z-scores, with 
the mean z-score used as an index of neuropsychological performance. A multivariate 
analysis of variance (MANOVA) was used to examine differences between FSIQ groups, 
with post-hoc t-tests to make group comparisons. Significant demographic differences 
were found between groups, with older subjects tending to have more education and 
higher FSIQ. Group differences for NAA and mean z-score also were found, with the 
superior group differing from average group but not the high average group on these 
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variables, while the high average group did not differ from either group on NAA or mean 
z-score. Nearly all neuropsychological variables were significantly associated with FSIQ 
category, with the exception of Grip Strength and some variables from the Stroop 
Interference Test. Linear regressions models were constructed to assess predictors of 
neuropsychological performance, with levels ofNAA and FSIQ as independent variables. 
FSIQ and NAA were found to be independently related to mean z-score, accounting for 
over half the variance. Two-tailed post-hoc Pearson correlation coefficients then were 
used to assess the relationship between FSIQ and mean z-score. In this analysis, 7 out of 
the 17 variables assessed were found to yield significant correlations, with the exception 
of motor tests, TMT, and the Stroop test. Significant differences between the high 
average and superior groups were found on both CVLT variables. Lastly, mUltiple 
regression analyses were conducted using all W AIS-III subtests as predictor variables for 
mean z-score. Consistent with the literature (Lezak et a1., 2004), Vocabulary and Block 
Design were found to be the best predictors, accounting for more than half the variance. 
Specifically, Vocabulary was significantly related to verbal tests (BNT and CVL T), while 
Block Design was related to verbal fluency and visual memory (COW A and RCFT 
delayed recall). 
Because the foregoing studies did not measure effect sizes for group differences, 
Diaz-Asper et a1. (2004) conducted a study of221 adults that not only considered 
significant differences between subjects along a range ofIQ groups, but also measured 
effect sizes. Participants were community-dwelling adults 20 to 92 years of age and were 
broadly representative of the population at large in terms of age, sex, race, education, and 
IQ. In this study, 28 measures from 16 cognitive tests were analyzed for subjects with 
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above average (FSIQ > 1 09; n = 78), average (FSIQ 90 to 109; n = 106), and below 
average (FSIQ <90; n =37) FSIQ as determined by the seven-subtest version of the 
W AIS-R using age-adjusted norms. The IQ groups differed in age, with the above 
average IQ group being older than the average group, which was in turn older than the 
below average group. A similar pattern was present for education. The proportion of men 
and women in each group differed significantly, as did the racial/ethnic composition. 
Variables included scores on the Grooved Pegboard Test, both hands (GPT); Perceptual 
Comparison Test; Brief Test of Attention; TMT parts A and B; Continuous Performance 
Test (CPT) hit reaction time (HRT), HRT standard error, and discriminability; BNT, 
Verbal Fluency letter and category; Design Fluency Test; Cognitive Estimation Test; 
Wisconsin Card Sorting Test categories achieved and errors; Facial Recognition Test; 
RCFT; Hopkins Verbal Learning Test-Revised Total Words Trials 1-3, delayed recall, 
and recognition discrimination; Logical Memory from the WMS-R immediate and 
delayed recall, BriefVisuospatial Memory Test-Revised Total figures 1-3, delayed 
recall; and recognition discrimination; and WMS-R Visual Reproduction immediate and 
delayed recall. Because IQ scores were age-adjusted, the test variables were regressed on 
age before being transformed to a z-score and then to a standard score (M = 100; SD = 
15). 
Diaz-Asper et al. (2004) examined group differences for all 28 variables using a 
MANOV A with planned contrasts of adjacent IQ groups. Those with above average 
FSIQ scored higher than those with average intelligence on 25 out of28 variables (all 
variables except CPT hit reaction times and recognition discrimination for the HVLT-R 
and BVMT-R), with an average effect size of.41 (range = .13 to .76), while those with 
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average FSIQ scores scored higher than those with below average FSIQ on 19 of the 
variables, with an average effect size of .74 (range = .25 to 1.08). These results suggest 
that significant differences exist between all groups, but that for persons of above average 
IQ the effect is not as strong as it is for those with an average IQ or less. In addition Diaz-
Asper et al. utilized a composite impairment index that was derived in a manner similar 
to the method employed with the HRNB, computing the proportion (0.00 to 1.0) of age-
adjusted scores for each participant that was 2 or more standard deviations below the 
sample mean. Also, a composite performance index was derived using each subjects' 
mean age-adjusted test scores. Regression analyses were used on these indices to 
determine whether a linear, quadratic, or cubic function best fit the data. Regression of 
the impairment index revealed a significant relationship, with quadratic and cubic 
functions accounting for larger proportions of the variance than linear function. Because 
the impairment index was constrained at the lower limit of zero, similar regression 
analyses were performed using the cognitive performance index. This analysis also was 
significant; quadratic, cubic, and linear functions all accounted for approximately the 
same proportion of variance. In total, these findings refute the strong version of Dodrill's 
(1997) hypothesis that there is no relationship between intellectual ability and 
neuropsychological test scores for above average subjects. However, the results are 
consistent with Dodrill's (1999) restated hypothesis that intelligence is less correlated 
with neuropsychological test performance at the above average range than when 
intellectual ability is below average. However, it is noteworthy that subjects with below 
average intellectual abilities were underrepresented. Also, associations found in this study 
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were noted to be less strong than those reported by Tremont et a1. (1998), which may be 
the result of using a community-based sample and adjusting scores for age. 
Effects of General Intellectual Ability on the First Version of the CVLT 
As noted above, differences have been found on CVLT scores based on IQ. 
Wiens et al. (1994), in a study of700 normal subjects applying for civil service jobs, 
administered a short neuropsychological battery that included the CVLT and W AIS-R. 
Subjects were generally well-educated (M = 14.5 years, SD = 1.6) and 20 to 54 years of 
age, stratified by age groups reported in the CVLT manual (17 to 34,35 to 44, and 45 to 
54). Eighty-five percent were Caucasian, 5.6% African American, 4.3% Asian American, 
3.4% Hispanic, and 1.6% Native American. Subjects were further stratified by gender 
(568 males and 132 females) and WAIS-RFSIQ. Twenty-one subjects were in the 80 to 
89 FSIQ group, 132 were in the 90 to 99 FSIQ group, 206 were in the 100 to 109 FSIQ 
group, 125 were in the 110 to 119 FSIQ group, 67 were in the 120 to 129 FSIQ group, 
and 17 were in the 130 to 139 FSIQ group. Correlation coefficients were calculated, and 
FSIQ was found to correlate significantly with CVLT Total Words Trials 1-5 for both 
men and women, although the magnitude of the association was not large (r = .20 for 
males, r = .29 for females). Wiens et al. (1994) then developed normative data for men 
and women separately, stratified by IQ. The normative data indicated that a 30- to 39-
year-old male achieving a Total Words Trials 1-5 raw score of 49 would be found to 
perform in the average range for someone in the 100 to 109 FSIQ group but in the 
impaired range for someone in the 130 to 139 FSIQ group. In general, slightly lower 
performance was found compared to the publisher's norms (Delis et al., 1987). Of 
interest, significant examiner effects also were found. 
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Similarly, Rapport et al. (1997) conducted a study examining test and retest 
effects for 64 adult university students administered the WAIS-R, CVLT, and WMS-R. 
Subj ects were 18 to 56 years of age with 13 to 19 years of education (M = 15.5, SD = 
1.4). Twenty subjects were in the low average FSIQ group (80 to 94), 23 were in the 
average FSIQ group (95 to 107), and 21 were in the high average FSIQ group (108-122). 
To reduce skewness and kurtosis, LDFR indices underwent square root transformation 
and Recognition Discriminability underwent logarithmic transformation. One univariate 
outlier on Slope was replaced with the adjusted mean. A repeated measures ANOV A was 
conducted with post hoc univariate ANOV As and Tukey HSD tests and paired-sample t-
tests. Group differences were found for all variables except LDFR. Post hoc analyses 
revealed that the low average FSIQ group performed more poorly than the high average 
group on Total Words Trials 1-5 and Discriminability. The average group did not 
perform significantly differently from either group. Interestingly, although all groups 
demonstrated significant practice effects at two-week retest, group differences persisted. 
However, a ceiling effect was noted among the average and high average groups but not 
the low average group; the authors concluded that IQ serves to mediate practice effects in 
verbal list learning. 
In a study of the concurrent validity of the CVL T using a clinical sample, Schear 
and Craft (1989) administered the CVLT, WAIS-R, and other memory tests to 49 male 
patients routinely evaluated at a VA Medical Center in Psychiatry, Neurology, Medicine, 
and vocational rehabilitation departments. Patients were 24 to 75 years of age and carried 
multiple diagnoses. Education ranged from 6 to 20 years (M = 11.7; SD = 2.59). Pearson 
correlation coefficients were calculated for selected score pairs, including W AIS-R FSIQ 
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and CVLT Total Words Trials 1-5, SDFR, SDCR, LDFR, LDCR, recall errors, and 
recognition measures. FSIQ and CVLT correlations were found to be significant but 
relatively low (range r= .22 to r = .53). The authors concluded that the CVLT was not 
merely measuring an aspect of intellectual ability. A significant limitation of this study is 
that the mean FSIQ ofthe sample was only 85 (SD = 10.26). 
Effects of Verbal Ability on Neuropsychological Test Performance 
Heilbronner, Buck, and Adams (1989) noted that verbal memory is dependent on 
general verbal abilities and visual memory is dependent upon general visual processing 
abilities. Keenan et al. (1996) noted that it is especially useful to use Verbal IQ scores to 
investigate the effects of intellectual ability on verbal memory, because FSIQ may be 
attenuated by tests relevant to the Performance IQ index. In particular, Wechsler 
Vocabulary scores are less likely to be impaired than are other test scores in brain-
damaged patients and are especially useful as an estimate of premorbid verbal abilities 
(Lezak et al., 2004). The effect of Vocabulary scores on BNT scores was reviewed by 
Hawkins and Bender (2002), and Vocabulary scores were found to be more related than 
education to scores on the BNT. Rapport et al. (1997), in the study mentioned earlier, 
found that WAIS-R FSIQ was associated with better performance on the WMS-R. In this 
study, further examination using multiple regression analyses was conducted on WAIS-R 
factor scores, Verbal Comprehension, Perceptual Organization, and Freedom from 
Distractability. Factor scores comprising the Verbal IQ index (Verbal Comprehension 
and Freedom from Distractability) accounted for up to 37% of the variance in WMS-R 
learning and memory scores. 
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Effects a/Verbal Ability on CVLT Scores 
As noted earlier, Rapport et al. (1997) found that higher W AIS-R FSIQ was 
associated with better performance on the CVL T. When W AIS-R factor scores were used 
to conduct multiple regression analyses, these factor scores were found to be significantly 
associated with LDFR scores during initial testing and with several variables at retest, 
accounting for 14 to 20% of the variance in scores. 
Keenan et al. (1996) found that Vocabulary scores on the WAIS-R were found to 
be more predictive of subjects' performance on the first edition of the CVLT than were 
years of education. In this study, 82 normal subjects, 16 to 95 years of age, were 
administered a short battery of neuropsychological tests that included the CVL T and 
W AIS-R Vocabulary. Vocabulary and CVL T raw scores were used, with results not 
separated by gender (male n = 23; female n = 59). Multiple hierarchical regression 
equations were calculated with age as the first step and Vocabulary scores as the second 
step. CVLT variables included Trial 1, Trial 5, Total Words Trials 1-5, SDFR, SDCR, 
LDFR, LDCR, Recognition, and Percent Discrimination. Vocabulary was found to be 
significantly related to CVLT Total Words Trials 1-5, SDFR, SDCR, LDFR, LDCR, 
Percent Discrimination, and recognition increase (Recognition vs. LDFR). In addition, 
years of education were significantly correlated with Vocabulary performance, but 
education was not correlated with any CVL T variable. The authors concluded that, 
although education and Vocabulary share a certain amount of variance, the variance 
uniquely shared by Vocabulary and CVLT scores was a more critical predictive factor. 
In a study oflanguage abilities and verbal memory among patients with complex 
partial temporal lobe seizures, Hermann et al. (1988) analyzed CVLT scores, WAIS-R 
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Verbal IQ index scores, and an impairment index derived from seven subtests of the 
Multilingual Aphasia Examination (MAE) for 25 inpatients undergoing observation prior 
to resection of elileptogenic lesions or for observations related to poor seizure control or 
differential diagnosis. In this sample, the mean age was 31.8 (SD = 7.2) and the mean 
education level was 12.9 years (SD = 2.9). CVLT variables included Learning Ability 
(number of words on TrialS minus number on Triall), Total Words Trials 1-5, 
Retroactive Interference (SDFR minus Trial 5), Retrieval Difficulty (Recognition Hits 
minus Trial 5), and the number of CVL T indices outside of normal performance. Pearson 
correlation coefficients were obtained, and those variables showing significant bivariate 
relationships were entered into a backward elimination regression equation. The MAE 
impairment index was the most significant predictor of performance on the CVL T, while 
/ 
Verbal IQ was correlated with Total Words Trials 1-5 (r= .45) and Retrieval Difficulty (r 
= -.53). MAE impairment also demonstrated significant correlations with these variables, 
in addition to Learning Ability and total CVL T impairment. When both Verbal IQ and 
MAE impairment were entered into the backward elimination regression analysis, the 
relationship between Total Words Trials 1-5 and Verbal IQ did not remain significant. 
Gender Differences in Neuropsychological Test Performance 
In general, males and female perform similarly on neuropsychological testing 
(Heaton et a1., 1986; Sherrill-Pattison et a1., 2000). However, small differences have been 
found for some individual tests. For example, males have tended to score higher on tests 
of vi suo spatial manipulation, quantitative skills, and physical strength. Females have 
tended to score higher on verbal tests. These differences, while statistically significant, 
tend to be clinically trivia1. However, some test developers have found consistent 
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differences in test perfonnance between men and women and so publish separate norms 
(Mitrushina et al., 2004). 
Gender Differences on the First Version of the CVLT 
Gender differences were found on the first version of the CVLT, and separate 
nonns were collected for males and females (Delis et al., 1987). Specifically, women 
were found to make greater use of semantic clustering and display higher levels of 
immediate and delayed free recall (Kramer, Delis, & Daniel, 1988). In contrast, men 
made greater use of serial clustering strategies. In addition, Paolo et al. (1997) and Wiens 
et al. (1994) foundthat women also scored better on Recognition Hits, False Positive 
Errors, and Discriminability. In all, Wiens et a1. found that women recalled more words 
over five learning trials than did men, and that women performed better on 19 other 
CVLT variables including Recognition, Learning Slope, and error types, differences that 
Kramer et al. (1988) did not find. Nonnan et al. (2000) also found differences based on 
gender for Trial 1, Trial 5, List B, SDFR, and LDFR, with female perfonning better than 
males. 
Effects of Age on Neuropsychological Test Performance and CVLT Scores 
For most tests, neuropsychological test perfonnance declines with advancing age 
(Heaton et al., 1986; Heaton et a1., 1996; Mitrushina et al., 2004; Yeudall, Fromm, 
Reddon, & Stefanyk, 1986). In addition, age effects intellectual ability (Wechsler, 1997a) 
Tests most impacted have been described as more dependent on immediate adaptive 
ability, involving such variables as cognitive efficiency, processing speed, perceptual-
motor speed, new learning, concept fonnation, and memory (Heaton et al., 1986; Lezak 
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et al., 2004). Overlearned skills, such as reading and vocabulary skills, tend to be least 
affected. 
Researchers (e.g., Barker-Collo, Clarkson, Cribb, & Grogan, 2002; Delis et a1., 
1987, Norman et al., 2000; Wiens et al., 1994) have consistently found that age is related 
to performance on the CVLT, including number of words recalled and decreased use of 
semantic clustering (Wegesin, Jacobs, Zubin, Ventura, & Stem, 2000), although within 
relatively younger age groupings findings may vary (Wiens et a1., 1994). Interestingly, 
age differences have been shown to disappear when the presentation rate is slowed 
(Weible, Nuest, Welty, Pate, & Turner, 2002). Because of demonstrated age effects on 
verbal list learning, age-stratified norms were provided by the publishers for both the 
research version and the second edition ofthe CVLT (Delis et a1., 1987; Delis et a1., 
2000). 
Effects of Ethnicity on Neuropsychological Test Performance and CVLT Scores 
Culture is another variable that impacts scores on neuropsychological tests 
(Wong, Strickland, Fletcher-Janzten, Ardila, & Reynolds, 2000; Manly, 2005; Mitrushina 
et al., 2004). In order to provide effective services to patients of various cultural and 
ethnic backgrounds, it is necessary to take culture into consideration when designing and 
carrying out research (AP A, 2002). In addition, bilingual individuals have been shown to 
perform more poorly on many neuropsychological measures, including word list learning 
tasks (Harris, Cullum, & Puente, 1995; Stricks et a1. 1998). When administered the 
CVLT, those speaking both English and Spanish recalled fewer words than either 
Spanish-speaking or English-speaking subjects assessed in their dominant language 
(Harris et a1., 1995). Of further interest is a study by Barker-Colla et a1. (2002), which 
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found that cultural content impacted perfonnance on the CVLT for New Zealand 
undergraduates whose fIrst language was English. In this study, subjects on average 
scored between 1.0 and 1.5 standard deviations below the mean on the CVLT. However, 
they perfonned signifIcantly better on a New Zealand version of the task for SDFR, 
LDFR, and recognition measures. Similar results have been found for African Americans, 
with almost twice as many more than expected potentially classifIed as impaired using 
published nonns for the fIrst version of the CVLT (Nonnan et al., 2000). In contrast, 
Wiens et a1. (1994) found no group effects of ethnicity on CVLT Total Words Trials 1-5, 
although the Caucasian and Asian American groups had higher WAIS-R FSIQ scores 
than the other ethnic groups. It should be noted however, that non-Caucasian subjects 
were few in this study, in contrast to the Nonnan et al. (2000) study. 
Effects of Mental Disorders on Neuropsychological Testing and CVLT Performance 
There is a well-established association with depression and poorer memory test 
scores (Emilien, Penasse, & Waltregny, 1998; Veiel, 1997). Anxiety and other 
psychological diagnoses also can affect perfonnance (Lezak et a1., 2004). Similarly, 
Kizilbash, Vanderploeg, and Curtiss (2002) found that a depressive profIle affected 
scores on the fIrst edition of the CVLT, such that depressive symptoms (without anxiety) 
adversely impacted scores on Trial 1 and Total Words Trials 1-5 by about 1/3 standard 
deviation. While anxiety alone did not affect scores, there was an interaction effect 
between depression and anxiety, with an additional adverse effect on List Band LDFR 
scores, in addition to the effects found with the depressive profIle alone. Similarly, Otto 
et al. (1994) found that depressed subjects scored between 112 and one standard deviation 
below published nonns. Other researchers have found that the presence of Attention-
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Deficit/Hyperactivity Disorder (ADHD) in adults impaired performance on the CVL T 
(Downey, Stelson, Pomerleau, & Giordani, 1997), with patients scoring one standard 
deviation or more below published norms. However, it is noteworthy that mild to 
moderate levels of depressive symptoms also were present for most of these subjects. 
Because of the association between various psychiatric disorders with decreased scores 
on memory tests including the CVL T, subj ects with any current psychiatric diagnosis 
including depression, anxiety, or ADHD were excluded from the present study. 
Summary 
In conclusion, it is important to know how education level,general intellectual 
and verbal abilities, gender, age, ethnicity, and mental disorders affect 
neuropsychological test performance for non-brain damaged individuals in order to be 
able to appropriately interpret test results, that is, to be able to estimate the effect of 
possible neurological damage versus other variables. In general, education effects on 
neuropsychological testing are widely found, while research findings are equivocal 
regarding education effects on CVL T performance. General intellectual abilities are 
perhaps the most consistently related variable affecting neuropsychological testing in 
general, and effects were found on the first version of the CVLT. Fewer studies have 
investigated the effects of general verbal ability on neuropsychological test scores. 
Gender, age, ethnicity, and psychiatric diagnosis are all significantly related to scores on 
the neuropsychological testing in general and on the CVLT in particular. In the present 
study, subjects with current psychiatric diagnoses were excluded, and efforts were made 
to recruit subjects within relatively younger age ranges. 
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Subjects 
CHAPTER III 
METHOD 
Sixty normal subjects were recruited, 30 in each of two groups-those with a high 
school education or less (Low Education), and those with a bachelor's degree or more 
(High Education). Subjects were recruited through Pacific University and in the greater 
Portland downtown area and through church fundraising. Students in designated graduate 
psychology classes received extra credit for participating or recruiting subjects; all other 
subjects were paid $50 for participation in testing. Subjects were screened for depression, 
anxiety, ADHD and other psychological disorders and for substance abuse and history of 
neurological disease, stroke, or TBI. 
Demographics for the two groups are presented in Tables 2 and 3. The groups did 
not differ significantly in age. There were significantly more Caucasian subjects in the 
study, however a binomial test revealed that there were no significant differences in the 
percent of Caucasian subjects between groups (z = -0.5774). Also, while not statistically 
significant, there tended to be more men in the High Education group. 
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Table 2. 
X2 -test for gender and ethnicity in education groups 
Low Education 
(n = 30) 
High Education 
(n = 30) 
p 
Gender 3.267 .071 
Male 
Female 
13 (43 .3) 
17 (56.7) 
24 (80.0) 
6 (20.0) 
Ethnicity 21.600 .000* 
Caucasian American 22 (73 .3) 
African American 0 
Asian American 0 
Hispanic American 1 (3.3) 
Native American 1 (3.3) 
Mixed ethnicity 6 (20.0) 
*p~.05 
Table 3. 
T-test for age by education groups 
M 
Age 28.90 
Measures 
Low Education 
n=30 
SD range 
7.42 23 - 54 
M 
28.33 
26 (86.7) 
1 (3.3) 
3 (10.0) 
o 
o 
o 
High Education 
(n = 30) 
SD range 
6.71 20 - 50 
t (2, 58) 
.310 
In addition to the CVLT-II, each subject was administered a test of verbal 
p 
.758 
learning and memory in which the information is arranged in a short story format (WMS-
III Logical Memory) and tests of general verbal ability (WAIS-III Vocabulary and 
Similarities). Each subject was also administered tests of visual memory (WMS-III 
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Visual Reproduction and RCFT) and general visuospatial ability (WAIS-III Block Design 
and Matrix Reasoning). 
Procedures 
The Institutional Review Board of the university approved the study and informed 
consent was obtained from each subject prior to testing. Each subject was individually 
tested over approximately a two-hour period, with presentation of tests counterbalanced 
across subjects as follows: For half the subjects in each group, Test Block "A" (CVLT-II, 
WMS-III Visual Reproduction, WAIS-III Block Design and Matrix Reasoning) was 
administered first, then Test Block "B" (WMS-III Logical Memory, RCFT, WAIS-III 
Vocabulary and Similarities). The remaining subjects were administered Test Block "B" 
first and then Test Block "A." All tests were administered according to standardized, 
ethically appropriate procedures. The majority of testing was carried out by the author, 
but several subjects were tested by clinical psychology graduate students under the 
supervision of the author. 
Research design. Comparison of Low Education and High Education CVL T -II 
scores allows for the examination of potential effects of education on verbal list learning. 
In addition, participants were grouped by Vocabulary scores. A comparison of those with 
average versus superior Vocabulary scores allows for the examination of the effects of 
general verbal ability on verbal list learning. 
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CHAPTER IV 
RESULTS 
CVLT -II scores were obtained using the computerized scoring system provided 
by the publisher (Delis et aI., 2000). Other tests were hand-scored. After coding, 
neuropsychological test data were imported into SPSS version 12.0 for statistical 
analysis. To determine whether to use parametric or nonparametric statistical procedures, 
Levene's Test of Equality of Error Variances was computed for each variable. A 
Bonferonni correction was used to reduce familywise error for CVL T dependent 
variables and to hold the alpha rate at .05. Therefore, using an alpha rate of .0125 and 
two-tailed tests of significance for individual tests, the null hypothesis was stated as: 
There are no statistically significant differences between group means. 
Statistical Analyses in Education Groups 
Differences in variances for CVL T -II variables between education groups were 
not found to be significant, and parametric procedures were used in further analyses. A (-
test was conducted for CVLT-II Trial 5, Total Words Trials 1-5, SDFR, and LDFR scores 
in education groups. Results are presented in Table 4. Using a stringent alpha rate, 
education effects were significant only for SDFR. The effect size for this variable was 
relatively small (d = .06737). Because gender differences between education groups 
approached significance, and because gender differences in CVL T -II performance are 
expected (Delis et aI., 2000), a t-test was conducted for the same CVLT-II variables for 
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gender. However, contrary to expectations, no significant differences were found. The 
results are presented in Table 5. 
Table 4. 
T-test for CVLT-JJ scores in education groups 
Low Education High Education t-test 
M SD M SD t P 
(1,58) 
CVLT variables, raw scores 
TrialS 13.2000 1.91905 14.3333 1.64701 -2.455 .017 
Total Words Trials 1-5 55.1667 9.14663 60.5000 9.81466 -2.177 .034 
Short Delay Free Recall 11.7667 3.09263 13.5333 2.04658 -2.609 .012* 
Long Delay Free Recall 12.4333 3.02499 13.3333 3.06632 -1.144 .257 
*p:::: .0125 
Table 5. 
T-test for CVLT-JJ scores by gender 
Males Females t-test 
M SD M SD t P 
{l,58} 
CVLT variables, raw scores 
TrialS 13.2609 1.76371 14.0811 1.87644 -1.684 .098 
Total Words Trials 1-5 54.7826 9.00988 59.7297 9:87885 -1.949 .056 
Short Delay Free Recall 11.9565 3.18346 13.0811 2.38489 -1.560 
I 
.124 
Long Delay Free Recall 12.4348 3.01249 13.1622 3.08683 -.896 .374 
Statistical Analyses in Verbal Ability Groups 
In order to further investigate variables influencing performance on the CVL T -II, 
additional analyses were conducted based on Vocabulary scores. Subjects were divided 
by age-corrected scaled scores into Average Vocabulary (SS = 7 to 13; n = 26) and High 
Vocabulary (SS 2: 14; n = 30) groups. Vocabulary data were missing for two subjects. In 
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addition, two subjects with below average age-corrected Vocabulary scaled scores of 5 
and 6 were excluded from the initial analysis since the cell size would be too small for 
analysis. Demographic variables in Vocabulary groups are shown in Tables 6 and 7. 
Vocabulary groups did not differ in gender or education. However, there were significant 
differences in age in verbal ability groups, with the Average Vocabulary group being 
older. 
Table 6. 
X2 -test for education and gender in Vocabulary groups 
n(%) 
Average Vocabulary 
(n= 26) 
Education Group 
Low Education 13 (50) 
High Education 13 (50) 
Gender 
Male 13 (50) 
Female 13 (50) 
Table 7. 
T-test for age in Vocabulary groups 
Average Vocabulary 
(n= 26) 
High Vocabulary 
(n = 30) 
16 (53) 
14 (47) 
10 (33) 
20 (67) 
High Vocabulary 
(n= 30) 
X2 (1) P 
.286 .593 
3.267 .071 
M SD range M SD range t (2,54) p 
Age 30.6923 7.10363 22 - 50 26.7333 6.71043 20 - 54 2.143 .037 
Differences in variances for CVL T -II variables between education groups were 
not found to be significant for Trial 5, Total Words Trials 1-5, SDFR, or LDFR, and 
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parametric procedures were used in further analyses. A t-test was conducted using raw 
scores for the four CVLT -II variables in Vocabulary groups. See Table 8 for results. 
Table 8. 
T-test for CVLT-JJ scores in Vocabulary groups 
Average Vocabulary High Vocabulary t-test 
M SD M SD t p 
{I ,54} 
CVL T variables, raw scores 
TrialS 13.5000 2.24944 14.0333 1.54213 -1.046 .300 
Total Words Trials 1-5 55.2308 11.32893 60.1667 8.37106 -1.870 .067 
Short Delay Free Recall 12.6923 3.20960 12.6667 2.36837 .034 .973 
Long Delay Free Recall 12.1538 4.02683 13.5333 1.88887 -1.677 .099 
Lastly, Vocabulary age-corrected scaled scores were correlated with eight 
normally-distributed CVLT-II variables using a two-tailed Pearson correlation 
calculation. As noted earlier, two subjects with below average performance on 
Vocabulary were omitted from analysis using the t-test; however data from these two 
subjects were included in the correlation calculation. Means and standard deviations for 
all eight variables are presented in Table 9. Correlation results are presented in Table 10. 
Statistically significant correlations were found with Vocabulary for Trial 1 , Total Words 
Trials 1-5, Trial B, SDCR, and LDCR, with Vocabulary scores accounting for about 5% 
of the variance in CVLT-II scores. 
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Table 9. 
Means and standard deviations for eight CVLT-/I variables and Vocabulary scores 
CVLT variables (raw scores) M SD 
Trial 1 7.7931 2.26149 
Trial 5 13.7759 1.891221 
Total Words Trials 1-5 57.8276 9.95100 
Trial B 7.1379 2.15576 
SDFR 12.6897 2.77335 
SDCR 13.0000 2.52009 
LDFR 12.9310 3.09421 
LDCR 13.4828 2.75815 
Vocabulary (raw scores) 51.5862 9.11339 
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Table 10. 
Two-tailed Pearson correlation coefficients for eight CVLT-II variables and Vocabulary scores 
Trial I Trial 5 Total 1-5 Trial B SDFR SDCR LDFR LDCR VocRaw VocSS 
Trial 1 
Tria15 .479** 
Totall-5 .624** .654** 
Trial B .544** .494** .418** 
SDFR .543** .702** .672** .622** 
SDCR .501 ** .687** .624** .531 ** .784** 
LDFR .214 .484** .381 ** .462** .627** .699** 
LDCR .339** .510** .468** .469** .677** .824** .879** 
VocRaw .283* .235 .270* .352** .127 .320* .174 .322* 
VocSS .310* .247 .312* .353** .124 .314* .209 .316* .960** 
*P::S .05 
**p::S .01 
CHAPTER V 
DISCUSSION 
Using a stringent alpha rate in this study, the only CVLT-II variable found to be 
significantly associated with education level was SDFR; however, the effect size was small. 
Vocabulary level was not found to be significantly associated with any CVLT-II variable 
when subjects were divided into Average and High Vocabulary groups. However, bivariate 
correlations revealed significant relationships between Vocabulary scores and Trial 1, Total 
Words Trials 1-5, Trial B, SDCR, and LDCR, accounting for approximately 5% of the 
variance in CVLT-II scores. 
In the literature, research findings were equivocal regarding education effects for the 
first version of the CVLT. The publishers did not report education effects (Delis et a1., 2000). 
Keenan et a1. (1996), in a study examining the effects of Vocabulary on CVLT scores found 
no significant association between education and test scores. Similarly, Wiens et a1. (1994) 
examined the impact of various demographic variables and FSIQ on CVLT scores and found 
that education was not significantly associated with test scores. In a study examining the 
effects of aging on CVLT performance, Paolo et al. (1997) found small education effects on 
only three out of29 variables. However, Norman et a1. (2000) found more robust education 
effects on Trial 1, Trial 1, Total Words Trials 1-5, List B, SDFR, and LDFR. Results of this 
study are most consistent with those found by Paolo et al. (1997), since education effects 
were small. Significant effects were not found for most variables in the present study and 
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education effects on SDFR were small, and therefore education-corrected nonns for the 
CVL T -II were not developed, since they would be of minimal clinical utility. It is noteworthy 
that additional education effects would have been found in this study if a stringent alpha rate 
had not been used. However, effect sizes also would likely be insignificant clinically. 
The literature was more consistent regarding the association between general 
intellectual ability as measured by IQ and neuropsychological test perfonnance, and 
significant effects were found in several studies (Horton, 1999; Jung et a1., 2000; Tremont et 
al., 1998). Further studies revealed that the relationship between IQ and neuropsychological 
test performance is stronger in the below average FSIQ range than in the average to above 
average FSIQ ranges (Diaz-Asper et a1., 2004; Dodrill, 1999). While the results of this study 
were consistent with this conclusion, it should be noted that Dodrill (1997) pointed out that 
he was addressing the myth that neuropsychological test perfonnance in general, not 
performance on specific tests, was associated with general intellectual ability across IQ 
ranges. 
More specifically, small to moderate relationships were found between general verbal 
ability and performance on the first version of the CVLT (Rapport et a1., 1997; Schear & 
Craft, 1989; Wiens et a1., 1994). Vocabulary scores were found to be more predictive of 
subjects' perfonnance than was education (Keenan et a1., 1996). Results of the present study 
are consistent with findings of small but significant relationships between general verbal 
ability and verbal list learning performance. However, since the amount of variance 
accounted for by Vocabulary scores on verbal list learning was small, Vocabulary-corrected 
norms for the CVL T -II would be of minimal clinical utility and so were not developed in the 
present study. 
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Clinical Implications 
Although population norms are useful for memory tests, instruments must be normed 
for education in order to provide the most accurate comparisons (Lezak et al., 2004), since it 
is well-established that education levels affect scores on neuropsychological tests in general 
(Heaton et al., 1996; Mitrushina et al., 2004; Spreen & Strauss, 1998). If education affects 
scores, normative data that neglects these variables will be less accurate in determining 
whether cognitive deficits exist for clinical patients (Lezak et al., 2004). Furthermore, the 
danger of inaccurate conclusions is greater for those with less education (Capitani, 2002). 
While there is a strong association between education and IQ levels and it has been surmised 
that education level may simply be a proxy for intellectual abilities (Hawkins & Bender, 
2002), scores on vocabulary tests are less likely than those on other tests to be impaired 
following brain damage (Lezak et al., 2004). Therefore, both education and Wechsler 
Vocabulary scores are likely to be useful as aids in the interpretation of clinical 
neuropsychological assessment results. Additionally, reading scores as a means of assessing 
vocabulary level may be used (Johnstone et a1., 1997). 
All data must be interpreted with reference to the appropriate normative data in order 
to be useful (Mitrushina et al., 2004), since sampling differences can result in dramatically 
different normative data (Kalechstein et a1., 1998). However, caution must be exercised when 
applying findings related to population norms to patients in clinical practice. Subj ects 
participating in this study were highly intelligent, both in the Low Education and High 
Education groups. Therefore, according to the research literature, differences between groups 
would be less apparent than if they had been representative of the population at large. In this 
sense, the present results are similar to those found by the publishers of the first version of 
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the CVLT (Delis et aI., 1987), in which the publisher's normative study produced unusually 
high normative scores (Ellwood, 1995; Lynch, 2002; Wiens et aI., 1994). 
Limitations of this Study and Suggestions for Future Research 
Mitrushina et aI. (2004) recommended sample sizes in normative studies of no less 
than 50 subjects. In that respect, dividing subjects into two 30-subject education groups was 
less likely to produce meaningful results than if the sample sizes had been larger. Since 3 out 
of 4 variables were either significant or approached significance at the stringent alpha rate 
used in this study, it is likely that more significant results would have been found if sample 
sizes had been larger. However, the entire sample used to examine the correlation between 
Vocabulary scores and CVLT variables was comprised of 58 subjects, meeting Mitrushina 
and colleagues' recommendation. 
Normative data often are collected non-randomly based on the availability of subjects 
in the researcher's area (Hawkins & Bender, 2002). Such was the case with this study, and it 
may have resulted in more highly intelligent subjects both with and without a college 
education. In fact, it was the author's experience that many subjects with only a high school 
education commented that they intended to pursue higher education in the future. However, 
while both education groups appeared to be more intelligent than the general population, 
potentially obscuring differences between groups, this effect would be reduced when subject 
data were pooled to make bivariate correlations between Vocabulary scores and CVLT -II 
variables. In addition, whereas the correlations found in the present study were relatively 
small, it is likely that somewhat stronger relationships would be found if subjects with a 
broader range of intellectual abilities were sampled. 
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Normative data based on healthy controls provides useful infonnation but may be of 
less utility for clinical populations (Mitrushina et aI., 2004). Taking education into account 
has been shown to lead to greater accuracy when assessing individuals with mild to moderate 
TBI (Sherrill-Pattison et aI.). Therefore supplementing data from the present study and other 
normative studies that use normal control subjects is recommended, in order to develop 
clinical norms (abnorms) for subjects with distinct medical, psychiatric, and neurological 
diagnoses (Mitrushina et aI., 2004). 
In conclusion, based on this study and others in the literature, it appears that 
education effects on the CVLT-II are nonexistent or small for most variables, and that 
general verbal ability has a small but significant effect on verbal list learning. In order to 
more fully understand relationships between these variables, future studies are suggested 
using larger sample populations and exploring education and general verbal ability effects for 
subjects with a broader range of intellectual abilities and among clinical populations. 
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